Abstract. The resilience and vulnerability of terrestrial ecosystem in the Tarim River Basin, Xinjiang is critical in sustainable development of the northwest region in China. To learn more about causes of the ecosystem evolution in this wide region, vegetation dynamics can be a surrogate indicator of environmental responses and human perturbations. This paper aims to use the inter-annual and intra-annual coefficient of variation (CoV) derived by the SPOT-VGT Normalized Difference Vegetation Index (NDVI) as an integrated measure of vegetation dynamics to address the environmental implications in response to climate change. To finally pin down the vegetation dynamics, the intra-annual CoV based on monthly NDVI values and the inter-annual CoV based on seasonally accumulated NDVI values were respectively calculated. Such vegetation dynamics can then be associated with precipitation patterns extracted from the Tropical Rainfall Measuring Mission (TRMM) data and irrigation efforts reflecting the cross-linkages between human society and natural systems. Such a remote sensing analysis enables us to explore the complex vegetation dynamics in terms of distribution and evolution of the collective features of heterogeneity over local soil characteristics, climate change impacts, and anthropogenic activities at differing space and time scales. Findings clearly indicate that the vegetation changes had an obvious trend in some high mountainous areas as a result of climate change whereas the vegetation changes in fluvial plains reflected the increasing evidence of human perturbations due to anthropogenic activities. Some possible environmental implications were finally elaborated from those crosslinkages between economic development and resources depletion in the context of sustainable development.
also results in a substantial interest of assimilating images collected by multiple sensors [28] [29] [30] . With the aid of AVHRR NDVI time-series, Tucker determined the expansion and contraction of the Sahara Desert [26] . Weiss assessed vegetation changes in Saudi Arabia by means of the coefficient of variation (CoV) of the monthly AVHRR NDVI [27] . Both studies used low resolution NDVI as an ecological indicator for ecosystem health assessment. Despite tremendous achievements, uncertainties and limitations still exist in some areas due to temporal and spatial resolution. The SPOT-4 VEGETATION (VGT) sensor, launched on March 24th, 1998, offers a daily global coverage with a spatial resolution of about 1 km 2 possessing spectral bands that can be specifically tailored for monitoring large-area vegetation dynamics [42] .
Precipitation impact, a primary driving force influencing vegetation distribution, development, and persistence, is not yet understood well. Characterizing precipitation pattern is the key to assessing the connections between climate change impacts and vegetation dynamics. However, hydrologic data are often lacking, especially in regions with weak infrastructure such as the Tarim River Basin. These areas are sparsely populated and poorly gauged such that the conventional observations are not available to reach sufficient spatial resolution for credible and intensive ecological and societal surveys. Besides, the meteorological observations often vary dramatically over this long period due to spatial climate variability in mountainous areas. Consequently, the hydrometeorological changes can hardly be evaluated properly with local measurements associated with terrain and land use/land cover change (LUCC). Facing such a dilemma, the International Association of Hydrological Sciences (IAHS) has specifically initiated a plan on "Predictions in Ungauged Basins (PUB)" to promote hydrological practices across different terrain, climate and land use and land cover (LULC) [31, 32] . Tropical Rainfall Measuring Mission (TRMM) is the first "space-based rain gauge" that uses microwave radiation to "see" how much precipitation falls from clouds over land and ocean with unparalleled accuracy [33, 34] . TRMM data became available for many studies in regard to regional precipitation patterns in 1998. Since then, TRMM/PR data have been validated and successfully used in many fields [35, 36] . In view of drought characteristics of the study area, study period, spatial resolution, and linkages with climate changes and anthropogenic perturbations in the past decade [12, 37, 38] , the SPOT VGT NDVI data were selected as a means for addressing the precipitation patterns in this study region.
The aim of this paper is to analyze the spatial and temporal patterns of vegetation dynamics and its association with precipitation patterns and anthropogenic perturbations based on NDVI time series and TRMM data. These data were collected by the SPOT VGT sensor and TRMM/PR from 1998 to 2007. Such integration leads to: 1) retrieval of the terrestrial vegetation dynamics and trends, 2) possible investigation of cross-linkages between vegetation dynamics and possible environmental implications, and 3) assessment of the driving forces causing vegetation changes in relation to precipitation patterns and irrigation activities at a large scale in the context of sustainable development.
STUDY AREA
The Tarim River Basin, with an area 560,000 km 2 , is the largest inland basins in Central Asia (Fig.1) , which has been over-ridden by the Eurasian and Indian continents. The basin is surrounded by high mountains: the Tianshan Mountains to the north, the Himalayan Plateau and Kunlun Mountains to the south, and the Pamir Range to the west. The average height of the mountains exceeds 4,000 m above sea level. Located at the central region of the basin is the world's second largest active sand desert, the Taklamakan Desert, which covers an area of 338,000 km 2 with an elevation ranging from 200 to 1,300 m [39] . The high mountains and plateaus along the periphery of the Tarim River Basin act as a natural barrier to block the flow with humid moisture into this region. As a consequence, the amount and frequency of precipitation are highly variable in space. In the central basin, the average annual precipitation is about 12 mm (0.5 inch), and is considered as one of the driest regions in the world. The direct effects of precipitation on vegetation growth can be very limited. Along the periphery of the Tarim River Basin, the mean annual precipitation amounts to 50 to 100 mm (2 to 4 inches) in the foothills and neighboring areas. But the slopes of the Tianshan are much wetter and precipitation often exceeds 500 mm (20 inches). However, annual potential evapotranspiration (PET) may be as high as 2,000-3,000 mm at many places in this region. The highest and lowest temperatures recorded are 43.6°C and -27.5°C in the plain basin, respectively [39] . The Tarim River is the principal river of the Xinjiang Uyghur Autonomous Region and is formed by the confluence of the Kaxgar and Yarkand Rivers in the far west. Flowing northeastward from this confluence, the river is then joined some 370 km (230 miles) downstream by the Aksu and the Hotan Rivers. The Tarim River flows for most of its length through the Taklamakan Desert. The Kaidu River and Lake Bosten are relatively isolated to the northeast. Oasis is a unique landscape due to hydrosphere-desert interaction in arid regions. The natural river dynamics are an important factor in forming the oasis' landscape and the natural river oasis that provides the only possible regeneration sites via seasonal flooding in this region is one of the most unique and vulnerable eco-landscapes in this region. Anthropogenic activities have been mainly restricted to areas along the river meandered between the mountains and the desert ranges. The lower Tarim River and the Lop Nur (e.g., once the largest lake in China) dried up in 1970 and 1972, respectively, due to anthropogenic stream flow interruption. Large-scale desertification had occurred in these areas [15] .
There are unique geographical, ecological, climatological and social-economic features which make the Tarim River Basin sensitive to the terrestrial ecosystem dynamics and distribution shift as well as vulnerable to climate change and anthropogenic disturbance. The Tarim Basin is: 1) an arid or semi-arid climate environment, shaded by the surrounding high mountains, 2) an isolated hydrological unit of the endorheic basin, 3) diversity in landscape, desert, wetlands, alpine meadow, mountains, 4) unstable ecosystem, and 5) rapid economic development in many sub-basins. These factors had collectively caused environmental degradation including desertification, riparian vegetation and grassland degradation, and the loss of biodiversity. With these unique features, the vegetation dynamics and LUCC over the past decades have thus drawn a lot of international attention. The Chinese government has initiated a large ecological restoration project since 2000, which has shown some of the success in restoring the river's flow and vegetation cover along the corridor of the river. [42] . Changes in vegetation cover are inferred using the well-known NDVI.
MATERIALS AND METHODS

The
The measured NDVI signal may be influenced by clouds and other unfavorable conditions (e.g., large view angles, atmospheric haze, and etc.). Taking the maximum NDVI value over a period of time may automatically screen out the abnormal observations [41] . This can be anticipated when using the VGT-S10 products that are compiled by merging segments (data strips) acquired in a ten-day period (e.g., the ten-day synthesis). During processing, all the segments of this 10-day period are compared with each other pixel by pixel to pick up the 'best' ground reflectance values based on a Maximum Value Composite (MVC) algorithm [41] . The advantage of the ten-day synthesis data is that the highest signal data within the tenday period is employed as a pixel value for the ten-day synthesis data; therefore, the cloud cover influences are favorably reduced. There are three S10 (ten-day composite) products (i.e., S01, S11, and S21) in each month [42] , and they represent the first ten-day, the middle tenday, and the last ten-day of a month, respectively.
In this study, the SPOT-Vegetation S10 NDVI data from 1998 to 2007 acquired over the study area were used. We selected the summer months between April and October as the growing season of vegetation, which is the period when vegetation is active. Then, the monthly NDVI values were generated from April to October using the MVC algorithm based on the S10 NDVI data. The monthly NDVI data were imported to the real value range using the equation ""0.004*DN-0.1"" where the Digital Number (DN) is the value stored for a pixel of an image [40, 42] , and were projected into Albers conformal conic projection using ArcGIS by the authors. One useful way to identify vegetation dynamics in NDVI images is to look at "signature" or "time-series plots" of the NDVI levels of the pixel in the image. Vegetation activity follows the trend of seasonality. Namely, as vegetation grows, NDVI increases. The cyclic increase and decrease of NDVI over time in a given area is the character of vegetation growth cycle and is taken as an indicator of the presence or the absence of vegetation [43, 44] .
In statistics, CoV is simply a value calculated from the average, or mean (μ) and the standard deviation (σ) of the NDVI time series in each pixel [27, 47, 48] , whose formula is as follows: where X i is the i th sample (value) of a variable (pixel), and n is the number of samples.
We employed the seasonally accumulated NDVI value, denoted as ∑NDVI hereafter, in each pixel for analysis. ∑NDVI is therefore defined as the sum of monthly NDVI during the growing season, which is highly related to the net primary production (NPP) [45, 46] . The statistics of CoV has been widely used to determine the spatial difference of temporal variability of vegetation activity in different arid and semi-arid regions of the world [27] . Changes in the value of the pixel-level CoV over time can be interpreted as a measure of vegetation dynamics over that time period. In other words, a higher NDVI CoV for a given pixel represents a greater change.
To finally pin down the vegetation dynamics, the intra-annual CoV derived from monthly NDVI values and the inter-annual CoV derived from ∑NDVI values were respectively calculated. The inter-annual CoV may reflect the overall change of the vegetation in the given period of time, while the intra-annual CoV can be used as a measure of vegetation growth cycles in an area within a year. To establish a means for detecting and quantifying the continuous changes of intra-annual CoV in each pixel, a linear regression analysis between intra-annual CoV time series (i.e., Y values in equation (2)) and time from 1998-2007 (i.e., X values in equation (2)) was used. The practice of such a linear regression enables us to reveal the long-term trend of CoV, which is intimately related to multitemporal vegetation dynamics. Mathematically, it is provided by the equation of the straight-line best fitting the set of intraannual CoV values for each pixel.
In the above equation, the slope "α" may act as a "sustainability indicator" for the change detection of land cover dynamics in the study area [49] . If the slope of this regression exhibits a negative sign showing a statistically decreasing trend over time, it may be concluded that the temporal variability of NDVI was declining due to LUCC; conversely, if the slope of this regression line shows a positive sign indicating a statistically increasing trend, it may be concluded that the temporal variability of NDVI was increasing due to changes in primary production during green-up in the study area.
RESULTS
Spatial patterns of mean ∑NDVI and inter-annual CoV
The spatial patterns of vegetation cover can reflect the spatial characteristics in relation to climate and topography, and reveal the differences in water resources utilization in human society simultaneously. Fig. 2 presents the mean ∑NDVI between 1998 and 2007 in the Tarim River Basin, which shows obvious difference in space. The values range from 0 to 5. The mean ∑NDVI values produced above help provide a better understanding of the overall spatial characteristics of NPP on one hand and explore the possible anthropogenic perturbations on the other hand in the basin. The lowest values (less than 0.5) are recorded in the basin center (the Taklamakan Desert) and high mountainous region at altitudes higher than 3,000 m, where the precipitation is infrequent but the PET is intense. Vegetation cover is scarce in these regions and this type of vegetation cover accounts for a significant proportion of vegetation cover in the Tarim River Basin. The relatively higher values of the mean ∑NDVI ranging from 0.5 to 2.5 accounted for the greater natural vegetation cover which mostly occurs along the mountainside at altitudes lower than 3,000 m. The land in the plains area where the cultivated vegetation has developed along the river corridor after water flow out of mountains was cut off often have the highest values of the mean ∑NDVI (e.g., between 1 and 5). As a special case, high values of the mean ∑NDVI also appeared in the alpine meadow regions in Lake Bosten valley located in the northeast Tarim River Basin where the second largest grassland in China is located at altitude about 2,500 m. Another possibility is that the irrigated vegetation always shows relatively stable land cover no matter how much precipitation decreased, only if the runoff from mountains is not dropped greatly. Given that the runoff comes not only from precipitation but also from melting glaciers of the headstreams of Tarim River, the irrigation water may still be sufficient even though precipitation turn out smaller. On the contrary, a sharp decline of natural vegetation cover in the continuous drought events between 1999 and 2001 manifests the vulnerability of the ecosystem in the study region. 
Vegetation dynamics in growing seasons
The slope factor of the linear regression associated with the intra-annual CoV of NDVI for the study period from 1998 to 2007 is shown in Fig. 7 . The figure color scheme is that white and green represent regions where the regression slope is positive and red, regions where the regression slope is negative. In other words, the figure represents those areas with increasing vegetation cover (e.g., green) and areas with declining vegetation cover (e.g., red). Fig. 7 also shows that there has been systematic vegetation cover at some southward slopes of the Kunlun Mountains and the southwest Tarim River Basin. Another notable region with improvements of vegetation cover is central Tianshan Mountain. These regions have elevation higher than 3,000 m and have very lower values of the mean ∑NDVI (see Fig. 2 ). However, in the northern Taklamakan Desert, some of the southern edge of the desert and some mountainous areas in Tianshan show a decreasing trend. It is worth noting that a number of emerged green spots, whcih were close to irritated land, indicate new farmland being cultivated very recently or rotated by possible changes in crop types. At the same time, the vegetation cover in the lower reaches of the Tarim River exhibits clear evidence of degradation. When compared with Fig. 3 , the distribution of the intra-annual CoV slope is, to some extent, similar to that of the inter-annual CoV, indicating the gross vegetation changes during the study period. Therefore, the major changes in vegetation cover can be summarized as follows: 1) there was a systematically increasing trend in natural vegetation in the high mountainous region southward; and 2) there was no increasing trend of vegetation in most of the plains region, but some exceptions appeared in the downstream of main tributaries. In an attempt to explore the reasons causing such changes, the next section discussed and summarized some of the insights from the perspectives of climate change and anthropogenic perturbations.
DISCUSSION
Climate change
Previous studies showed that recent climate conditions in the Central Asia region in China had favored more precipitation or snowmelts [12] . As a result of global warming and an enhanced water cycle, the climate change impacts have been notably salient in Xinjiang since 1987, which can be characterized by a shift from a warm-dry to a warm-wet annual pattern [11, 38] . In this region, the temperature has risen by nearly 1°C over the past 50 years [48] . The melting glaciers in the 1990s resulted in a more than 5.5% increase in river runoff in the Tarim River Basin [12, 50] . As a consequence, the vegetation cover has improved in some parts of the basin and the total number of days with sand-dust storms has reduced [50] .
In parallel with the spatio-temporal analysis of vegetation dynamics, the precipitation trend can be illustrated by the same type of slope factor with respect to intra-annual precipitation during the growing seasons from 1998 to 2007. By the same token, a linear regression analysis between intra-annual precipitation time series (i.e., Y values in equation (2)) and time from 1998-2007 (i.e., X values in equation (2)) was used. The practice of such a linear regression enables us to reveal the long-term trend of precipitation, which is intimately related to multitemporal vegetation dynamics. Mathematically, it is provided by the equation of the straight-line best fitting the set of intra-annual precipitation values for each pixel.
Such a slope factor, α', may also be used as a sustainability indicator in concert with the slope of intra-annual CoV of NDVI in ecosystem assessment. Fig. 8 shows an increasing trend in the southern edge of the Tarim River Basin and Central Tianshan Mountains. Apparently, the northern Tarim Basin and major part of the Tianshan Mountains, particularly the northeast and northwest areas, were undergoing a declining trend from 1998 to 2007. Comparisons between Fig. 7 and Fig. 8 indicate that remarkable consistency exists between vegetation dynamics and precipitation changes in certain regions over the past 10 years. Yet some regions show obviously different or reverse trends, e.g., the high mountainous areas on the fringe of the southwest basin. There is an inconsistency in increasing precipitation and declining slope of the intra-annual CoV of NDVI in the Central Taklimakan Desert. This does not mean the positive relationship between vegetation dynamics and precipitation observed over the high mountainous areas on the fringe of the southwest basin is simply fortuitous. The reason for having such an outcome is highly associated with the interactions between land surface temperature (LST) and evapotranspiration (ET) in the sense that no residual precipitation can be left over for vegetation cover, if any, after the water consumption through actual evapotranspiration (AET) in the Central Taklimakan Desert. Through the comparison of spatial trends between precipitation and vegetation cover in the Tarim River Basin, it may be concluded that obvious relationship exists between precipitation patterns and vegetation dynamics in the context of global climate changes. For certain areas, there were remarkable consistencies between the increase of precipitation and the improvement of vegetation cover. However, discrepancies also existed in some areas where increased vegetation cover came with declined precipitation. It is well known that climate warming leads to an accelerated ablation and retreat of high mountain glaciers in most parts of the world, and to a runoff increase in the short to middle term [50] [51] [52] . These studies indicate that the improvement of vegetation cover may also be triggered by other mechanisms, i.e. rise in temperature, permafrost degradation, glacier and snow melt etc.
In arid regions, the distribution of vegetation is certainly tied to the groundwater and soil moisture. From the ecological point of view, the pools of soil moisture are fundamental ecosystem resources providing the transpirable water for plants. In drylands particularly, soil moisture is one of the major controls on the structure, function, and diversity in ecosystems [53] . In the vast plain regions of the Tarim Basin, soil moisture is the most important factors which restrict vegetation growth. The dynamics of soil moisture are vital to maintaining biodiversity and better understanding of the eco-hydrological process.
Previously, estimates of soil moisture over large area have been limited by a lack of observational data and technology. There is currently a gap in our ability to use limited point measurement of soil moisture data for hydrological, ecohydrological, and biogeochemical studies at a basin scale. But the technology of measuring soil moisture content has been progressively improved over the years [53] [54] [55] [56] . Wang et al. used the Advanced Microwave Scanning Radiometer (AMSR-E) dataset to conduct the surface soil moisture for an arid area, and the patterns of mean annual surface soil moisture were successfully estimated [55] . As the most common imaging active microwave configuration, SAR represents the best approach for obtaining spatially distributed surface soil moisture with a much better resolution. Associated with hydrological models, it is expected to obtain distributed soil moisture profiles [56] . There are also other promising avenues of instrumentation research in this field (e.g., gravity measurements, acoustic waves). There is obvious potential of using soil moisture data collected by SAR to benefit the ecosystem assessment applications if larger temporal resolution is not a concern.
Anthropogenic perturbations
In the hydrological cycle, some processes are not under human control, like precipitation, but others, like groundwater recharge, can be modified by differing LULC. As a consequence, human beings may influence or even alter the hydrological cycle by several ways. Examples in the Tarim River Basin include dam building, change of river course, farmland reclamation, and agricultural irrigation. Although river runoff increased due to climate change, the terrestrial vegetation (or ecosystem) experienced quite a different process at different parts of the basin due to varying anthropogenic activities. Sometimes, it causes conflict between human needs and environmental goals. To explore the sustainable development at the great western region of China, there are two examples with sharp contrast, as a result of rapidly socioeconomic development in the Tarim River Basin, which may deserve further investigation as follows.
1) Large patches of irrigated farmland
In the plain areas, no runoff was actually generated from precipitation due to insufficient amount of rainfall which could not even offset the strong evaporation. Nevertheless, with the fertile soil and favorable solar insolation, the plain areas turn out to be the ideal regions for artificial irrigation as long as the irrigation water can be diverted from the headstreams. As a result, large patches of farmland had been cultivated on the fringes of the desert that receive the runoff right after it runs out of mountains. A salient example is on the northern fringe of the basin fed by the Aksu River (see Fig. 1 ) before it runs into the mainstream of the Tarim River. Fig. 9 presents a typical spatial structure of irrigated farmland which was spanned from the source of water in a uniquely radial manner at different scales on the northern fringe of the basin. Based on this feature, Zhou et al. had developed a methodology to quantify spatial patterns of LUCC using landscape metrics, which provided an approach distinguishing human-induced change with the aid of multi-scale and multi-temporal remotely sensed data [57] [58] . Such a case study confirmed that spatio-temporal patterns of environmental changes can be largely represented by changes in LULC in the middle reaches of the Tarim River from 1973 to 2000.
In this basin, the recorded population has nearly tripled from 1.77 million in 1958 to 4.55 million in 2003 [59] . The agricultural development was preceded by a rapid population growth. Ninety seven percent of the population had inhabited tails of the headstream as indicated in the left picture of Fig. 9 . Only 2.14% and 1% were resided in middle and lower reaches, respectively [59] . The figure is in accordance with the research results from Zhou et al. [58] . Although the human impacts altering water resources and land surface have increased dramatically in recent years, it is still not a dominant force in the middle reaches of the Tarim River. Fig. 10 summarizes the change in cultivated land in the Tarim Basin from 1958 to 2003 [59] . It shows that the cultivated land expanded remarkably in the head stream regions. Farmland increased by about 30×10 4 hectares at tails of headstreams, and the area was doubled in the upper and middle river corridors while there was almost no change of population in the lower reaches at the same time. Combining the temperature, precipitation and hydrological data from three headstreams of the Tarim River, the plausible association between climate change and the variability of water resources in the Tarim River Basin in recent years was investigated by Chen et al. [60] . They also concluded that climate change had resulted in the increase of the streamflow at the headwater of the Tarim River, but the anthropogenic activities such as over-depletion of the surface water resulted in the decrease of the streamflow at the lower reaches of the Tarim River. Fig. 9 . Spatial structure of farmland between desert and mountain at different scales In short, the eco-hydrological situation has actually improved in the upstream mountainous areas as a result of climate change, but there has not been a corresponding improvement in the downstream water volume. This is due to the fact that much of the runoff from headstreams was intercepted for agricultural irrigation. The total discharges of four major headstreams are larger than the long-term average of river discharge by 21.0% and 17.4% in 2005 and 2006, respectively [61] [62] . Yet the natural increase in runoff did not offset the increasing water demand needed for more irrigated farmland. As a consequence, the main Tarim River did not receive an increase of the discharge resulting in very little benefit to the new settlements in the lower reaches of the Tarim River. If the discharge of headstreams drops to average level or even lower, residual water flow discharging into the mainstream could even deteriorate more, resulting in further deterioration in the ecosystem restoration in the lower reaches of the Tarim River. It may be concluded that agricultural sector which accounts for approximately 90% of the total water consumption is obviously a major driving force in adaptive water resources management. Aligned with this point, the land reclamation activities converting farmland back to natural grassland in the upper reaches should be followed through for the purpose of sustainable development. 
2) Degradation of ecosystem in the lower reaches of the Tarim River
Contrasting with the thriving agriculture in the upper reaches of the Tarim Basin, the runoff interruption in the lower reaches of the Tarim River is significant. The dried rivers and terminal lakes resulted in an extensive desertification in the lower reaches of the Tarim River. Because the agricultural irrigation consumed major part of source water in the upper reaches before it discharged into the mainstream of the Tarim River, it ended up drying out 300 km of the lower Tarim River in 1970s. Two big terminal lakes were erased from the land surface as a result of this impact. Since then large-scale desertification has occurred continuously in the lower reaches of the Tarim River. Table 1 lists the situation of desertification of the lower Tarim River at Alagan area [59] . This is evidence that heavy degree desertification appears to be increasing over time. To reverse this ecosystem deterioration, the Chinese government invested more than 10 billion Yuan (i.e., The average Chinese Yuan conversion rate over the last 12 months was 6.82 yuan /US dollar in 2010.) to initiate an ecological restoration project since 2000. Although the restoration project had minimum level of success in the last 10 years, it is still far from a level providing an optimistic outlook in the near future based on our field investigation, as shown in Fig. 9 . Shown here are a dried reservoir (Daxihai) (left picture) and the desertified riverbed with withered Populus euphratica (right picture) in the lower Tarim River at Alagan. This demonstrates an acute need for advanced conservation actions. In general, there are no potential surface water resources left for exploitation in the Tarim Basin, but there is considerable potential for water savings through the application of conventional techniques, such as adoption of drip and sprinkler irrigation, using plastic row covers, etc.
Ultimately, the restoration efforts have to be enhanced relative to the notably increased farmland in the upper Tarim River (see Fig. 6 ). 
CONCLUSIONS
In arid regions, sustainable development requires a better understanding of the ecohydrological process and water management strategies from both social contexts and ecological perspectives [63] . Conflict management can be a significant means in dealing with environmental degradation. To achieve this goal, sensing and monitoring the dynamics of vegetation is deemed very important for a better understanding in regard to infrastructure, society, and environments, establishing links between policy decisions, regulatory actions, and subsequent land-use management. In this study, the SPOT-VGT NDVI continuous time series data provide us with an opportunity to monitor vegetation cover conditions over large geographic regions at a decadal time scale. Changes induced by coupled effects of climate change impacts and anthropogenic perturbations can be detected simultaneously at the required temporal and spatial resolutions. Should the soil moisture information may be concluded in parallel with the measurements of vegetation dynamics and precipitation, more aspects in ecosystem assessment may be explored.
Nevertheless, research findings in this study clearly indicate that there was a systematic trend of increasing natural vegetation cover in the high mountainous region of the Tarim Basin, which was most likely associated with climate change in South and Central Asia. As a consequence, in some high mountainous areas, precipitation may not be the major restriction on vegetation growth. More sporadic vegetation growth may be related to other mechanisms driven by the rise in temperature, permafrost degradation, glacier and snow melt, etc. Whereas the vegetation cover changes in fluvial plains reflect the ever increasing anthropogenic perturbations via agricultural irrigation, the natural vegetation cover was undergoing a degradation process regardless of the ever enhanced hydrological process in the upper reaches of the Tarim River due to more precipitation To deal with this impact, China has been active in fighting environmental degradation while implementing the "Great Western Development Strategy" at the same time. Some movement could be economically sounds yet environmentally uncertain. In many areas, such as the Tarim River Basin, as "environmental damage" is apparent, more ecosystem assessment and restoration actions will be required to facilitate the sustainable development in the future.
